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[57] ABSTRACT

A precision switched capacitor ratio system includes a
capacitor; a switching device for selectively intercon-
necting the capacitor with one of a plurality of charging
circuits and alternately connecting it with a discharge
circuit for discharging the capacitor between each in-
terconnection with a charging current; an integrating
device interconnected with the capacitor for averaging
the current during the charging and discharging of the
capacitor for defining the switched capacitor equivalent
resistance; and a clock device for providing synchro-
nized clock signals for operating the switching device
to precisely define the ratio of the frequencies of the
interconnection of the capacitor with each of the charg-
ing circuits.

10 Claims, 4 Drawing Sheets
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PRECISION SWITCHED CAPACITOR RATIO
SYSTEM

FIELD OF INVENTION

This invention relates to a precision switched capaci-
tor ratio system.

BACKGROUND OF INVENTION

Switched capacitors may be used to simulate equiva-
lent resistances in electronic circuits. The equivalent
resistance value of a simple switched capacitor is given
by Regg=1/fc, where f is the switching frequency and ¢
is the value of the switched capacitance. Current state
of the art shows two independent switched capacitors
forming a pair of equivalent resistors. The ratio of the
equivalent resistors is given by

Rpgr  fi2
Rz~ fier ’

Thus, the ratio is controllable by both the ratio of the
switching frequencies and the ratio of the capacitances.

Resistor ratios are commonly used in voltage attenua-
tors, and in feedback configurations, to control a gain
value, as well as many other applications. One of the
problems with using two independent switched capaci-
tor equivalent resistances is that the ratio of the capaci-
tances determines the equivalent resistance ratio. That
is, errors in the capacitor matching correlate directly
with errors in the equivalent resistance ratio. Differen-
tial drift of the capacitors due to time and temperature
also affects the ratio.

SUMMARY OF INVENTION

It is therefore an object of this invention to provide
an improved precision switched capacitor ratio system.

It is a further object of this invention to provide such
an improved precision switched capacitor ratio system
in which the ratios are independent of the capacitance.

It is a further object of this invention to provide an
improved precision switched capacitor ratio system in
which the ratios are dependent on the relative frequen-
cies which are easily programmable with a high level of
precision.

It is a further object of this invention to provide an
improved precision switched capacitor ratio system
which uses only one capacitor to obtain multiple
switched capacitor equivalent resistances.

It is a further object of this invention to provide an
improved precision switched capacitor ratio system
which can be used to implement a resistor attenuator or
voltage divider having a programmable divider ratio
which is insensitive to time, temperature and capaci-
tance changes.

It is a further object of this invention to provide an
improved precision switched capacitor ratio system
which implements a programmable gain network.

It is a further object of this invention to provide an
improved precision switched capacitor ratio system
which implements a multiple output current source
circuit with precisely programmable current ratios.

This invention features a precision switched capaci-
tor ratio system which includes a capacitor and switch-
ing means for selectively interconnecting the capacitor
with one of a plurality of charging circuits and alter-
nately connecting it with a discharge circuit for dis-
charging the capacitor between each interconnection
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with a charging circuit. An integrating device intercon-
nects with the capacitor for averaging the current dur-
ing the charging and discharging of the capacitor for
defining the switch capacitor equivalent resistance. The
clock device provides synchronized clock signals for
operating the switching means to precisely define the
ratio of the frequencies of the interconnection of the
capacitor with each of the charging circuits.

In a preferred embodiment the capacitor is a low
dielectric absorption capacitor. The switching means
may include a first switching device interconnected
with one end of the capacitor and a second switching
device interconnectex] with the other end of the capaci-
tor. Each switching device may include a first terminal
for connection with the discharge circuit and at least
one terminal for connection with each of the plurality of
charging circuits. The clock device may provide at least
one clock signal for driving each of the switching de-
vices. The switching means may include a switching
device connected with one end of the capacitor and
having a terminal for connection with the discharge
circuit and at least one terminal for connection with
each of the charging circuits. The integrating device
may be interconnected with the capacitor through the
switching means. The integrating device may be inter-
connected with each of the charging circuits. The inte-
grating device may include a plurality of integrating
elements, one interconnected with each of the charging
circuits. The clock device may provide a clock signal
for operating each of the switching devices indepen-
dently.

DISCLOSURE OF PREFERRED EMBODIMENT

Other objecits, features and advantages will occur to
those skilled in the art from the following description of
a preferred embodiment and the accompanying draw-
ings, in which:

FIG. 1is a schematic diagram of a precision switched
capacitor ratio system according to this invention;

FIG. 2is an illustration of the waveforms of the clock
signals provided by the clock to drive the switching
devices of FIG. 1;

FIG. 3 is a schematic diagram showing the circuit of
FIG. 1 with the switch in the ®1 position;

FIG. 4 is a view similar to FIG. 3 with the switches
in the P2 position;

FIG. 5 is a view similar to FIG. 3 with the switches
in the ®3 position;

FIG. 6 is a view similar to FIG. 3 with the switches
again in the ®2 position;

FIG. 7 is a simplified schematic illustrating a preci-
sion switched capacitor ratio system according to this
invention employed with a number of charging circuits;

FIG. 8 is a schematic diagram of another embodiment
of the precision switched capacitor ratio system accord-
ing to this invention particularly suitable for integrated
circuit fabrication;

FIG. 9 is an illustration of tile waveforms provided
by the clock circuit of FIG. 8 to drive the switching
device;

FIG. 10 is a schematic diagram of a precision
switched capacitor ratio system according to this inven-
tion used in a non-inverting gain op amp circuit;

FIG. 11 is an illustration of the waveforms which
may be provided by the clock in FIG. 10; and
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FIG. 12 is a schematic diagram of a multiple current
source using the precision switched capacitor ratio
system of this invention.

There is shown in FIG. 1 a precision switched capaci-
tor ratio system 10 according to this invention which
includes a capacitor 12 and switching means including
switching device 14 and switching device 16 which
interconnect capacitor 12 with charging terminals 18
and 20, V1, V2, respectively, and with discharge circuit
24 implemented here with a simple shunting or short
circuit line 26 which in this particular implementation is
grounded as at 28. Capacitor 12 may be a low dielectric
absorption capacitor. An integrating device such as
integrating - capacitor 30 is provided to average or
smooth out the current pulses produced by capacitor 12
under control of switches 14 or 16 so that the average
current flow represents the current through an equiva-
lent resistance represented by the switched capacitor
12. Clock 32 provides two clock signals on lines 34 and

10

15

36. Clock signal 1 drives the swinger contact 38 of 20

switch S 116 so that it moves between two contacts 40
and 42 designated A and B, respectively. Clock signal 2
on line 36 operates swinger 44 to move between
contacts 46 and 48 denominated as A and B in switch S2
14, respectively. The clock 1 signal provided to switch
S1 16 is shown in FIG. 2 as consisting of a continuous
series of high and low levels, where the high levels
drive the swinger 38 to position A and the low levels
drive it to position B. The other drive- signal, clock
signal 2, drives the swinger 44 of switch S2 14. The high
levels once again drive swinger 44 to the A state and the
low levels drive it to the B state. However, clock signal
2 is missing every fourth positive pulse. Thus for every
twenty pulses, for example, of clock 1 where n=20, S2
is in position A fifteen times (d=15) and in position B
five times (n—d=>5). Thus the ratio of V2 to V1is equal
to d/n which is equal to 15/20 or 0.75. This ratio of 3:4
and 15:20 is chosen as an example for simplicity only.
Any pulse ratio can be selected to create any divider
ratio desired. Clock 32 can be implemented by a Texas
Instruments 7497 binary rate multiplier so that the ratio
can be precisely digitally defined. The particular ratio is
determined by the selection of the- frequency of clock
signal 1 and clock signal 2. Although in FIG. 2 clock
signal 2 is shown with every fourth pulse missing, this is
not a necessary limitation of the invention. For example,
there could be two pulses missing after every six pulses
or four pulses missing after every twelve pulses. The
manner of obtaining the ratio is arbitrary. The lowest
factor implementation of the ratio is desirable in order
to provide a lower amplitude ripple which is more eas-
ily filtered out, which in the first instance is accom-
plished by the integration device, capacitor 30, in FIG.
1

The various combinations of positions of the swingers
38 and 40 of switch devices 14 and 16 in FIG. 1 are
referred to as ®1, ®2 and ®3. These conditions are
explained more readily with reference to clock signals 1
and 2 in FIG. 2, where ®1 is represented by the simulta-
neous high levels A of the first three pulses 60, 62 and 64
of clock signal 1 which occur simultanecusly with the
high levels.of clock pulses 66, 68 and 70. The interstitial
low levels 72, 74, 76 and 78, 80 and 82 represent the ®2
condition, while ®3 is represented by the high level 84
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of clock signal 1 in conjunction with the low level 86 of 65

clock signal 2. The actual positioning of the switch
devices 14 and 16 in conjunction with those phases is
shown in FIGS. 3, 4, 5 and 6. In @1 both switch device

4

14 and 16 are shown connected to the A ternfinal,
thereby placing the capacitor across the first charging
circuit 90 represented by terminals 18 and 20, Vi, V3,
respectively, and defining Rigp. In ®2, FIG. 4, the
swingers of both switching devices 14 and 16 are con-
nected to their respective B terminals which discharges
capacitor 12 now connected to discharge circuit 24.
While the discharge circuit 24 need not be connected to
ground during ®1 and $2, it does need to be connected
to ground during the 3 state as shown in FIG. 5. In ®3
the swinger of switch 14 is connected to the B terminal
while the swinger of switch device 16 is connected to
the A terminal. In this condition capacitor 12 is con-
nected to a second charging circuit 94 formed of inte-
grating capacitor 30, V3 terminal 20, and ground 28.
This defines the second equivalent resistance Rogp. In
the next cycle the system returns to $2, FIG. 6, which
is identical in every respect with ®2 in FIG. 4.

Although in FIG. 1 there are but two charging cir-
cuits and one discharge circuit shown, this is not a nec-
essary limitation of the invention, for as shown in FIG.
7, the discharge circuit 24¢ may be employed in con-
junction with any number of charging circuits 109, 102,
104, 106, so long as the switching means interconnects
capacitor 30a with the discharge circuit 24¢ in between
connection with each of the charging circuits 100, 182,
104, 106, . . . . Although discharge circuit 24a is shown
with a connection to ground 28¢, this is not necessary in
all applications. In addition, while each of the charging
circuits 100, 102, 104, 106, . . . are shown as independent
of one another, this is not a necessary limitation of the
invention. For example, Vi and V3 may be intercon-
nected, or Vgand V4, or any two or more of them may
be interconnected without detracting from the concept
or the invention, and they may variously be connected
to the discharge circuit and/or ground.

This invention may be implemented as shown in FIG.
8, where precision switch capacitor resistor ratio system
105 includes three switching devices 110, 112 and 114,
all connected to the same end of capacitor 12b. This is
the minimum number of switches that can be employed
to implement the invention. Clock circuit 32b provides
three signals on lines 118, 120 and 122 to switching
devices 110, 114 and 112, respectively. These clock
signals on lines 118, 120, 122, :are denominated in FIG.
9 as clock signals S2a, S16 and Sla. Once again, arbi-
trarily for the purposes of example only, using a twenty-
pulse cycle, it can be seen that S15 provide a continuous
succession of high 130 and low 132 levels. Clock signal
S2a provides only three pulses 134, 136 and 138 during
that twenty-cycle period, and clock signal Sia provides
seventeen positive clock pulses 140 during the same
period. Thus out of twenty pulses (n=20), S2a is closed
three times (d=3) and Sla is closed seventeen times
(n—d=17). Thus V2/V1 is equal to d/n=3/20=0.15.

The precision switch capacitor ratio system 16¢ ac-
cording to this invention may be employed in a non-
inverting gain op amp circuit 150, FIG. 16, where V3 is
interconnected with the negative input to op amp 252,
and V| is connected with the output terminal 154 of op
amp 152. The input V;,is provided to the positive termi-
nal 156 of op amp 152. In this configuration, capacitor
12¢ is being used to implement two switched capacitor
equivalent resistances, one of which acts as a feedback
resistor for op amp 152, the other of which acts as the
gain resistor for op amp 152. System 10c¢ operates as
system 10, FIG. 1. However, if unity gain is desired
then clock signal 1 and clock signal 2 are identical as
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shown in FIG. 11, and switches 14 and 16 only provide
®1 and P2: 3 does not occur. If, however, greater
gain is desired, for example, a gain of two, then clock
signal 2', FIG. 11, may be provided where the clock
signal 2’ lacks every other positive-going pulse, thereby
reintroducing a ®3 condition and providing equal fre-
quency occurrence of ®1 and ®3. Thus the two
switched capacitor equivalent resistances are equal and
the gain of op amp 152 is equal to 2. Although this
example is explained with respect to a gain of 2, any
desired gain can be chosen by simply varying the rela-
tive frequency of clock signals 1 and 2.

In another application the precision switch capacitor
ratio system 10d of this invention, FIG. 12, is used in a
multiple current source circuit 160 which provides two
or more current sources with precision ratios once
again determined by the relative frequencies of the
clocks which drive switching means 162 comprised of
three or more switching devices 164, 166, 168. In this
application a voltage source 170 drives two or more op
amps 172, 174 . . ., each of whose outputs is delivered
toan FET 176, 178 . . . . Each op amp and FET combi-
nation provide a fixed voltage at their respective junc-
tions 180, 182, so that any resistance occurring between
that junction and Vgpp1, 184 will have a current flowing
through it equivalent to the voltage supplied by voltage
source 170 divided by that resistance. By using the ratio
system 10d according to this invention the single capac-
itor 12d is used to provide the switched capacitor equiv-
alent resistance in each case so that the current supplied
by each of the current generators represented by op
amps 172, 174, . . . will have the precise ratio determined
by the relative frequencies used to drive switching de-
vices 164, 166, 168, . . . .

Although specific features of this invention are
shown in some drawings and not others. this is for con-
venience only as each feature may be combined with
any or all of the other features in accordance with the
invention.

Other embodiments and applications for the precision
switched capacitor ratio system according to this inven-
tion will occur to those skilled in the art and are within
the following claims:

What is claimed is:

1. A precision switched capacitor ratio system com-
prising:

a capacitor;

switching means for selectively interconnecting said

capacitor with one of a plurality of charging cir-
cuits and alternately connecting said capacitor
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with a discharge circuit for discharging said capac-
itor between each interconnection with a charging
current;

an integrating device interconnected with said capac-
itor for averaging the current during the charging
and discharging of said capacitor for defining
switched capacitor equivalent resistances; and
clock device for providing synchromized clock
signals for operating said switching means to pre-
cisely define a ratio of the frequencies of the inter-
connection of said capacitor with each of said
charging circuits.

2. The precision switched capacitor ratio system of
claim 1 in which said capacitor is a low dielectric ab-
sorption capacitor.

3. The precision switched capacitor ratio system of
claim 1 in which said switching means includes a first
switching device interconnected with one end of said
capacitor and a second switching device interconnected
with the other end of said capacitor.

4. The precision switched capacitor ratio system of
claim 3 in which each said switching device includes a
first terminal for connection with the discharge circuit
and at least one terminal for connection with each of
said plurality of charging circuits.

5. The precision switched capacitor ratio system of
claim 4 in which said clock device provides at least one
clock signal for driving each of said switching devices.

6. The precision switched capacitor ratio system of
claim 1 in which said switching means includes a
switching device connected with one end of said capac-
itor and having a terminal for connection with the dis-
charge circuit and at least one terminal for connection
with each of the charging circuits.

7. The precision switched capacitor ratio system of
claim 1 in which said integrating device is intercon-
nected with said capacitor through said switching
means.

8. The precision switched capacitor ratio system of
claim 1 in which said integrating device is intercon-
nected with each of the charging circuits.

9. The precision swiiched capacitor ratio system of
claim 1 in which said integrating circuit includes a plu-
rality of integrating elements one interconnected with
each of the charging circuits.

10. The precision switched capacitor ratio system of
claim 3 in which said clock device provides a clock
signal for operating each said switching device indepen-
dently.
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